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Abstract 
Owing to the abstract natures of statistical concepts, students are often misled, paving the way to misconceptions in statist ical 
reasoning. Previous studies have indicated that integration of technology has a positive impact on addressing misconceptions and 
improving students’ statistical reasoning. In this paper, statistical reasoning has been introduced briefly. Besides, overview of 
studies on the usage of information technology to develop statistical reasoning is explicated. Possible barriers have also been 
determined, along with some recommendations to overcome them. It is concluded that incorporating information technology in 
the statistics classroom is feasible due to its advantages although there could be some obstacles that need to be overcome. 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
Statistics is an essential topic or subject from primary to university level. However, many students often 
perceived that statistics is complicated and intricate (Garfield & Ben-Zvi, 2008a) because most of the concepts in 
statistics are abstract in nature (delMas, 2004). Due to its abstract nature, many students find difficulties in 
understanding the concepts and this often lead to misconceptions in statistical reasoning, especially in descriptive 
statistics and inferential statistics.  Such situation will definitely impede students’ learning of statistics and curtail 
their enthusiasm if this problem is not overcome. For descriptive statistics, students tend to make mistakes in 
measures of central tendency, which comprises of mean (e.g. Pollastek, Lime & Well, 1981), mode (e.g. Huck, 
2009), and median (e.g. Cooper & Shore, 2008). Besides, students also encounter difficulties in measures of 
variability (e.g. Garfield & Ben-Zvi, 2008d) which includes standard deviation (e.g. delMas & Liu, 2005). 
Generally, there are three common misconceptions often made by students in probability, one of the topics of 
inferential statistics.  These include outcome orientation (e.g. Meletiou, 2000), equiprobability bias (e.g. Fischbein 
& Schnarch, 1997), and representativeness (e.g. Hirsch & O’Donnell, 2001). Other than that, students are also prone 
to form errors in sampling distribution (e.g. Sotos et al., 2007), correlation (e.g. Liu, 2010), confidence intervals 
(Sotos et al., 2007), hypotheses testing (Sotos et al., 2009), and regression (e.g. Huck, 2009). Thus, to ameliorate the 
manifested misconceptions among the students, it is recommended that information technology to be employed in 
the classroom. 
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In present days, information technology has become immensely vital in statistics field and it has been utilized 
extensively around the world (Lajoie, 1997; Ben-Zvi, 2000; Garfield & Ben-Zvi, 2004; Garfield & Ben-Zvi, 2008a). 
Integration of information technology has gradually changed the content and pedagogy in teaching and learning of 
statistics (Moore, 1997). In fact, there are many advantages using information technology in statistics classes. One 
of the benefits is that it can mitigate the time and burden of students to handle tedious and cumbersome calculations 
when deal with abundant of data. This enables students to have adequate time to explore, analyze and interpret data. 
Another benefit is that information technology can assist students in understanding the abstract ideas of statistics. 
Students can display and visualize data in multiple representation form such as histograms and boxplots by using 
computer (Garfield & Ben-Zvi, 2008c). Furthermore, utilization of computer in distance learning enables students to 
work on their own pace as the material is always obtainable (Evan et al., 2007). They can simply access the 
resources at any time or place they desired.  
     According to Rubin (2007), information technology has the potential to make the complex concepts and ideas of 
statistics more accessible.  Previous studies showed that information technology had been incorporated into statistics 
instruction to address the misconceptions held by the students, for instance utilization of Sampling SIM program to 
reduce misconception of sampling distribution (Chance, delMas, & Garfield, 2004), usage of spreadsheet to 
diminish misconception in correlation (Alias, 2009),  and usage of simulation to correct misconception  of 
correlation (Liu, 2010). Furthermore, researchers and educators have been utilizing information technology to 
develop statistical reasoning among the students (delMas, Garfield & Chance, 1998; Ben-Zvi, 2000; Mever & 
Lovett, 2002; Zimmermann, 2002; Ben-Zvi, 2004; Bakkar & Gravemeijer, 2004; Batanero, Tauber & Sanchez, 
2004; Hammerman & Rubin, 2004; Ben-Zvi, 2006; Baker, 2009; Watson & Donne, 2009; Fitzallen & Watson, 
2010).  
2. Statistical reasoning 
 l 
It includes interpreting data, connecting one concept to another, and explaining statistical procedures 
(Garfield & Gal, 1999).  Seminal work on probability was initiated by Piaget and Inhelder (1975) during the 1950s 
and 1960s. Since then, most of the researchers emphasized on the probabilistic thinking and gradually moved 
statistical reasoning. There are several developed cognitive models in statistical reasoning originated from 
researches like the Biggs and Collis model, Jones et al. and Mooney model, and Watson et al. model (Jones, 
Langrall & Mooney, 2004). 
Garfield and Ben-Zvi (2008b) proposed a model for introductory secondary and tertiary level statistics courses to 
model is based on the constructivist theory of learning. In this model, there are six principles of instructional design 
as depicted by Cobb and McClain (2004), i.e. focus on developing central statistical ideas, usage of real and 
motivating data, usage of on of appropriate 
technological tools, promotion of classroom discourse, and execution alternative assessment. It can be seen clearly 
that one of the principles emphasizes on the utilization of information technology in instruction to promote statistical 
reasoning. 
3. Overview of studies on the usage of information technology in developing statistical reasoning 
 
A wide array of studies had been conducted on using information technology in statistics education. Nevertheless, 
there are still some studies which focused on statistical reasoning using computers. A study carried out by Ben-Zvi 
(2006) is one that had left a positive impact concerning 
statistical reasoning ability. The study was carried out on primary five graders to increase their informal ideas of 
inference and argumentative skills using the TinkerPlots software. Results showed that the TinkerPlots software can 
variability justification.   
Watson and Donne (2009) performed a study using the same software 
inference. The students that were involved in the study were primary students (Grade three, five, and six) and 
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middle school students (Grade seven and nine).  It was found that the software successfully facilitated students to 
produce their own data representations and analyze data in a shorter time.  The students were also exposed to more 
levels of understanding.  Fitzallen and Watson (2010) also implemented a recent study using the TinkerPlots 
software to enhance statistical reasoning of primary five and six graders. They were able to construct plots and 
utilize plots to support their thinking on the given data. From these three studies, we noticed that the TinkerPlots 
software is a dynamic graphing software package that is usually used in primary schools and middle schools. 
According to Fitzallen (2007), there are six fundamental criteria of TinkerPlots that made it a popular teaching and 
learning software.  First of all, it has user-friendly and easy to use interface.  Secondly, it allows data to be 
represented in a variety of forms.  Thirdly, it aids in translating between mathematical expression and natural 
language.  Fourthly, it expands the memory when organizing or reorganizing data.  Fifthly, it offers multiple entry 
points for abstract concepts, and finally it provides visual representations of activities.  
Ben-Zvi (2004) conducted a study to explore the statistical reasoning ability of some 7th graders in middle school. 
In the study, spreadsheet package was used as it offers direct access that enable students to observe and probe data 
in various forms. It is also dynamic and flexible in that it allows students to change their data representations. The 
in forming hypothesis, creating 
questions, gathering data, summarizing data, and handling data representations. Another similar study on middle 
school 7th grades was carried out by Bakker and Gravemeijer (2004). Minitools, a type of applet was utilized to 
. Minitools is a simple yet novel applet as it fit in a special 
learning trajectory. n was explained in three stages. In the 
first stage, students reasoned about feature of distribution by using informal words.  Students extend qualitative view 
of more advanced feature of distribution in the second stage and they reasoned with bumps concerning statistical 
concept in the third stage. This indicates that Minitools supported the learning of distribution. Besides, Zimmermann 
(2002) also executed a study to scrutinize the role of instruct
collective reasoning, principle about probability simulation, and the effect of technology in these alterations. In the 
teaching experiment, graphing calculator was used as it is a beneficial tool and teaching aid for teaching and 
learning statistics. The application of graphing calculator in the study had a 
reasoning about probability simulation.  
Furthermore, at the university level, delMas, Garfield, and Chance (1998) accomplished a study to evaluate 
  The Sampling Distribution microworld, a computer 
simulation microworld, which is appropriate for secondary and undergraduate students, was employed in this study 
(Ben-Zvi, 2000). It enables students to change the shape of the population and sample size to observe their impact 
on the sampling distributions. In the study, several types of reasoning on sampling distributions were being laid out, 
including correct reasoning, good reasoning, larger to smaller reasoning, and smaller to larger reasoning. In addition, 
Batanero, Tauber, and Sanchez (2004) carried out a study on university students to examine their statistical 
reasoning about normal distribution. The researcher made use of Statgraphics, which is a statistical package.  Users 
can use this program for simulation of different distributions and regulate various simultaneous representations 
(Garfield & Ben-Zvi, 2004).  Results indicated that can be categorized into four main categories, 
i.e. symbols and representations, actions, concepts and properties, and arguments. Only one study executed by Baker 
(2009) indicated that university students who received web-based instruction were as good as students who received 
classroom-based instruction. In the study, researcher adopted applets in web-based instruction. Users can change 
and manipulate different parameters in order to visualize the statistical ideas and concepts by using applets (Garfield 
& Ben-Zvi, 2004). 
4. Possible barriers and recommendations to overcome barriers 
There are some barriers in using information technology to foster statistical reasoning. First of all, students still 
hold misconceptions of statistics concepts even after using the computer. Some applications of computers lead to 
new misconceptions as well (Saw, 2011). As far as this matter is concerned, instructors should be 
common misconceptions and design specific instructional activities to correct their misconceptions. For those who 
do not possess experience in teaching statistics, they ought to take note of common misconceptions among students, 
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so that they would not repeat the same problem again in the subsequent classes or need to carry out remedial classes. 
Secondly, some of the students may be too dependent on computers and think that all the outcomes attained using 
technological tools for statistics are correct (Rubin, 2007). Sometimes, they will get the results from computers that 
are different with what they expected, but they just ignore them. In fact, students must explore further why such 
situation happened and then consult their instructors for more explanation.  
 Thirdly, for the online learning or distance learning, the general obstacle is the technical problem of computers, 
for instance unstableness of internet connection, slow speed, hanging up,  unable to support certain application and 
so forth.  In such condition, students cannot get the immediate assistance from their instructors to solve the technical 
problem, this in turn impinges on their progress to finish their homework or assignment on time and even hinder 
their learning of statistics. Therefore, instructors should be more proactive, and give contact number to the students, 
so that students can inquire them any time. Moreover, instructors must always concern about the foregoing problems 
that faced by the students and try to help them if possible, for instance allow students to submit hardcopy of 
assignment instead of softcopy.  
        Furthermore, some students deem that statistics is not relevant to their everyday life and future career. Hence, 
instructors have to exert the real world data in the teaching and learning of statistics such as recent world population, 
number of internet users in the world, death rate of cancer patients, and so on. Students should be given those real-
world data to analyze, interpret and explore using technological tools. Moreover, studies showed that instructors and 
students have technology anxiety, in particular new technology (Baker, 2009). Therefore, instructors ought to be 
given sufficient training on using new technological tools for statistics in order to be well-prepared before 
transferring the knowledge to their students. Besides, to reduce the technology anxiety among the students, 
instructors have to provide them adequate time to familiarize themselves with the new technological tools. In the 
technological environment, instructors act as facilitator to help students when they face any problem in learning.  
5. Conclusion 
     In sum, information technology plays a crucial role in developing statistical reasoning. Information technology 
brings a lot of advantages if we employ it in pertinent ways. In contrary, it may cause hurdles and complication as 
enumerated earlier and this 
radically before they become worse.  It will be hereafter concluded that even though there could be some obstacles 
or barriers that have to surmounted, it is viable to utilize information technology in fostering statistical reasoning 
since it brings numerous benefits.  
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